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BORDEN’S REVIEW of NUTRITION RESEARCH 


NUTRITION AND LIVER INJURY 
By PAUL GYORGY, M.D.* 


INTRODUCTION 


Our knowledge and appreciation of the role that nutritional factors play 
in the prevention and treatment of several forms of hepatic injury has come 


" about as the result of a gradual merger of numerous experimental and clini- 
cal observations. 


Clinical observations, for example, suggested that persistant chronic 
alcoholism in Laennec’s cirrhosis, might produce a deep-seated nutritional 
deficiency. “Alcoholic” cirrhosis, which should be considered basically similar 
to “alcoholic” beriberi or pellagra, responded favorably, at least in its early 


- “reversible” stage, to proper dietary treatment. In 1937, Patek (1) reported 
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on therapeutic results in such patients who were kept for one year on a com- 
plete diet, rich in protein and in vitamin B complex. Since Patek’s first pub- 
lication dietary management of hepatic injury has made remarkable progress. 
Nevertheless, even today therapeutic results in severe forms of liver pathology 
still remain far from satisfactory. 

During the same period, studies were carried out in several laboratories 
on the experimental production and prevention of hepatic injury. 

Modern medical progress has been most rapid in areas where animal 
experimentation has been applicable, and experiments have led to a clearer 
understanding of the equivalent condition in human pathology. In general, 
animal experiments may be better organized, supervised, and controlled than 
analogous clinical investigations. This permits a more exacting, almost math- 
ematical evaluation of results, in contrast to clinical studies which are fraught 
with difficulties, and often raise more questions than they answer. Therefore, 
quite logically in the specific case of hepatic injury, conclusions reached in 
animal studies should permit a more direct analysis of the underlying etio- 
logic and pathogenic factors, and should also aid materially in the manage- 
ment (prevention and treatment) of the corresponding conditions in man. 


Dietary Factors in the Production of Experimental Hepatic Injury 


From a pathologic point of view, necrosis** and cirrhosisf are the char- 
acteristic manifestations of injury to the hepatic parenchyma. Fat infiltration 





*School of Medicine, University of Pennsylvania, Philadelphia. 
**Necrosis—The pathologic death of a cell or group of cells in contact with living cells. 
tCirrhosis—A chronic, progressive disease of the liver, characterized by proliferation of con- 
nective tissue, degeneration and death of cells, regeneration of cells with distortion of their archi- 
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per se is not specific enough, and often too transient, without concomitant . 






liv 


manifestations of tissue reaction, to be considered in itself as a truly patho. ? tak 


logical condition of the liver. The relationship of fatty liver to so-called 
“fatty cirrhosis” will be dicussed later in conjunction with the pathogenesis of 
diffuse hepatic fibrosis. 

During the past fifteen years, four outstanding ideas have developed} 
which characterize the approach to diseases of the liver: (a) Recognition 
of purely nutritional factors as important determining causes of hepatic 
injury; (b) Prevention, arrest, and even possible reversal of this patho- 
logic process simply by proper change in the composition of the experimental | 
diet; (c) Interrelation between dietary, environmental, genetic and endo: | 
crine factors in the pathogenesis of hepatic injury; and (d) Experimental | 


dietary injury to the liver is often combined in the same animal with specific - 


pathological manifestations in the kidneys. 


In the past, experimental hepatic injury was produced by exposing the . 


living animal to various hepatotoxic agents. From such studies, which in 
general tally well with corresponding clinical observations, it was concluded | 
that in every instance in which the prolonged or repeated ‘‘action of an agent | 


has resulted in some degree of cirrhosis, the acute effects have been degenera. * 
I) cic 


tion and necrosis of hepatic cells” (2). From this point of view then, necrosis 
and cirrhosis are, in respective order, the acute and chronic forms of hepatic | 
injury, and occur often in response to the same etiologic agent. The response | 
of the hepatic tissue to insults of various kinds manifests itself in necrosis | 
when the insult is overwhelming, or when the resistance of the liver cells is 


reduced below the norm. Cirrhosis, however, is the result of continuous ot : 


interrupted exposure to the same agent given in doses which are in general 


below the acute toxic, or “necrogenic’”’ level. When cirrhosis follows inter: 


rupted exposure to a noxious agent, it may be inferred that the injurious | 


effect is achieved by proper timing of the insults. This precludes the complete - 


repair of the liver between consecutive insults, and reduces the normally high 
regenerative power of the liver cells. 

On the basis of these earlier toxicologic studies, necrosis and cirrhosis 
were generally looked upon as only quantitatively different manifestations 
of hepatic injury. More recent recognition (3, 4) of experimental dietary 
conditions as predisposing factors in hepatic injury has however necessitated 
a revision of this strictly unitarian point of view. It has now been shown that 
the etiologic dietary factors which determine the development of acute 
necrosis appear in many respects not only different, but diametrically opposed 


to those instrumental in the experimental production of cirrhotic degenera- 
tion (4, 5). | 


The nutritional factors which determine the type of experimental dietary. 
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liver injury that may be produced in rats are summarized in the following 
table: 








Necrosis Cirrhosis 
Protein Beneficial Beneficial 
Methionine Beneficial Beneficial 
Cystine Beneficial Injurious 
Choline No effect or injurious Beneficial 
Vitamin E Beneficial No effect 
Dietary fat No effect or injurious Injurious 
Vitamin Bj. No effect Beneficial 


Acute Necrosis of the Liver 


In historical retrospect, hepatic necrosis as first (7) recognized in rats on 
dietary experiments, presented itself in the form of zonal (central and mid- 
zonal) necrosis and only rarely was there observed a massive necrosis in- 
volving several lobules and even total lobes. The “hemorrhagic” foci ob- 
served by Weichselbaum (8) in 1935 in the livers of rats fed a cystine-defi- 
cient diet, probably represented necrotic foci but were not described in detail 
and not studied histologically. The same analysis applies also to the observa- 
tions of du Vigneaud and his associates in rats fed rations deficient in sulfur- 
containing amino acids (9). 

In rats kept on a semisynthetic diet low in casein, acute fatal necrosis or 


" its sequela which is post-necrotic scarring was encountered in only 40 to 50 


per cent of the experimental animals (6). The rest showed at the end of the 
experimental period (120 to 150 days) signs of more or less marked, diffuse 
hepatic fibrosis; only a smali, usually negligible proportion of the animals 
remained free from hepatic injury in any of its manifestations. With the 
addition of choline to the semisynthetic experimental diet, cirrhosis was 
almost completely prevented, but necrosis, although accelerated and intensi- 
fied, was increased only slightly. However, supplements of methionine or 
cystine prevented the development of necrosis (5, 6). 


When substituting yeast for casein, the intake of sulfur-containing amino 
acids was further lowered. In rats fed rations with yeast as the sole source of 
protein, the incidence of massive necrosis was reported to have increased 
considerably compared with the incidence observed in rats fed low-casein 
rations; and even reached a peak of 80 per cent or more in various expeti- 
mental groups (10, 11). The development of hepatic necrosis was again 
suppressed by prophylactic supplements of cystine or methionine (10, 11). 
Conclusions from these observations indicated at first that hepatic necrosis 
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was due to a deficiency of sulfur-containing amino acids (5, 11). When com. ; 
paring the effect of the sulfur-containing amino acids, cystine and methio. } 
nine, the results indicated (5, 6) that methionine may prevent both necrosis 


and cirrhosis (including fatty infiltration), but cystine was effective only in | 


the prevention of necrosis and may even be injurious to cirrhosis. Further. ' 
more, cystine rather than methionine, cysteine or homocystine, was found to } 
exert a much more pronounced prophylactic effect in the prevention of hep. | 


atic necrosis. In fact, cystine offered as much as three times more protection 
(12). Pantethine given to rats by mouth or by injection, was found to be 
inert in the prevention of hepatic necrosis (13, 14). 

The identification of acute diffuse necrosis as a simple dietary cystine 
deficiency has proved to be erroneous. In fact, when rats received (15) a 
diet of alkali-treated casein as a sole source of protein, it was not cystine or 
methionine, but tocopherol (Vitamin E) that stemmed off hepatic necrosis. 
Even for the variety of dietetic hepatic necrosis which was beneficially in- 


fluenced by cystine (or methionine) tocopherol still proved to be highly 


effective (16). Furthermore, the production of hepatic necrosis was signifi- 
cantly delayed by the usual necrogenic yeast diet, when the experimental 
weanling rats used were taken from a stock which received a diet rich in toco- 
pherol (17). The inability (6) to produce hepatic necrosis in rats after 
vegetable fat has been substituted for lard in the original experimental diet 


significantly portrays the important prophylactic role of vitamin E. In this | 
connection, a high incidence of hepatic necrosis occurs in pigs (18) and rats | 
(14) kept on rations high in cod liver oil. Cod liver oil and other highly un- ‘ 
saturated fats were long known to accelerate the oxidative destruction of : 
vitamin E stores in the body. Thus, tocopherol emerges as an important | 


additional dietetic factor in the prevention of hepatic necrosis. In massive 
hepatic necrosis, tocopherol may compensate for the absence of cystine (or 


methionine), and vice versa. However, as a prophylactic factor, tocopherol - 


appears to be even superior to the sulfur-containing amino acids. Further- 
more, when cystine is given in excessive doses (19-21) or even in slight (22) 
excess of dietary requirement, it may in fact induce production of massive 
hepatic necrosis. The interchangeability of sulfur-containing amino acids 
(cystine, methionine) and vitamin E in the prevention of hepatic necrosis 


makes it difficult to accept pure deficiency of these substances as the sole cause _ 


of this disease. 


This difficulty is further accentuated by observations which indicate that 
with the two dietary factors, i.e., cystine and vitamin E, the etiology of mas- 
sive hepatic necrosis is still not completely defined. It has been shown that 
yeast of various origins may differ in its necrogenic ability, yet this difference 


cannot be explained by their content of sulfur-containing amino acids or - 
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vitamin E (23, 24). In general, massive hepatic necrosis was easily produced 
when European yeasts were placed in the experimental ration, whereas 
almost all American yeasts, particularly American brewer's yeasts, did not 
produce the disease (23, 24). However, an American Torula yeast has now 
been shown to have very intensive necrogenic quality (24). An addition of 
as little as 3 per cent “‘vitamin-free” casein, or dried brewer’s yeast, to the 
Torula yeast diet greatly reduced its necrogenic effect. This effect has been 
ascribed to the presence of a particular protective substance called “Factor 
3” present in casein or in some strains of yeast (24), different from cystine 
or vitamin E. Fractions of “Factor 3” (12, 24) extracted from commercial 
casein preparations have proved to be protective against yeast-induced hepatic 
necrosis in rats. The chemical nature of the active substance in the “Factor 
3” fraction has not yet been elucidated. 

In vitamin E deficiency, the red blood cells of rats become susceptible to 
hemolysis by dialuric acid. Vitamin E given in vivo to these animals or added 
in vitro to their red blood cells will protect them from hemolysis by dialuric 
acid (25, 26). In rats fed vitamin E-free necrogenic rations, the “hemolysis 
test” with dialuric acid becomes positive before necrosis occurs. A supplement 
of cystine has no effect on the hemolysis test. On the other hand, increasing 
the yeast content of a necrogenic diet from 18 to 40 per cent tends to decrease 
the incidence of liver necrosis in rats (27, 28) and over a period of 3 to 4 
months gradually restores the resistance of the red blood cells in the surviving 


rats against the hemolytic action of dialuric acid in vitro. The susceptibility 


to hemolysis of red blood cells of rats on necrogenic diet kept alive by sup- 
plements of cystine is reversed by feeding them a diet containing the higher 
level of yeast. These observations suggest that there may exist in yeast some 
factor or factors having a vitamin E-like action. One such active compound 
has been obtained in crystalline form. It reverses both im vitro and in vivo 
the susceptibility of red blood cells to dialuric acid (29). The chemical na- 
ture of this compound and its possible relation to “Factor 3” has still to be 
established. Even more important is the fact that no data are available yet 
as to the possible effect of this “vitamin E-like’”’ yeast constituent in the pre- 
vention of dietary massive necrosis. 

From the foregoing remarks, it appears evident that diet-induced massive 
necrosis of the liver is certainly not the result of a single deficiency. Vitamin 
E and the last mentioned yeast factor are characterized by high antioxidant 
activity. Cystine and perhaps ‘Factor 3” may also participate in oxidation- 
reduction reactions (12). There are experimental indications for metabolic 
defects in the citric acid cycle (12,29) and for enzyme abnormalities asso- 
ciated with dietary necrosis of the liver (31). The possibility that the dietary 
factors found to be beneficial in the prevention of hepatic necrosis may act 
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through a detoxication mechanism has also been discussed and deserves to } | 
be explored further (32). F 
Methionine and cystine have long been known as “detoxifying agents’ — 
which counteract the noxious effect of massive hepatotoxins and related poi- 
sons (3). More recently, similiar observations have been disclosed on the 


effect of vitamin E in the particular case of carbon tetrachloride poisoning / 


(33). In rats kept on the usual low-casein, high-fat diet and supplemented | 
with one of the carcinogenic dyes, N-N-dimethylaminoazobenzene, massive 
necrosis reached a much higher incidence than in the control group fed the 
same diet without the carcinogen. Nevertheless, in both groups, supplements 
of cystine or tocopherol prevented the development of massive necrosis , 
equally well (15, 17). Similiar conclusions, at least regarding the effect of 
vitamin E, do not apply to extracts from Senecio plants as a potent 
source of a hepatotoxin (34). Massive necrosis, caused by large doses of 
cystine, should also be considered a toxic manifestation, perhaps initiated by _ 
the disturbed normal ratio of cystine to choline, (3) in the diet and in the 
body. In this connection one should recall the enhancing effect of choline and 
choline-like substances (liver extract) on the production of massive hepatic | 
necrosis in rats fed a ration low in cystine and methionine (6). 


The phenomenon of acute hepatic necrosis provides an impressive illus- 
tration of the difficulty encountered in distinguishing between mechanisms | 
based primarily on deficiency or intoxication. As in the case of dietary hepatic | 
necrosis, these mechanisms may be thoroughly interwoven, and therefore | 
prohibit a distinct separation of factors relative to deficiency or to intoxi- — 
cation. ¥ 

Even more revealing for the possible interrelation between hepatic ne- 
crosis and intoxication is that in man acute necrosis—as far as it can be 
determined in a given case—follows toxic insults (infection, poison, or meta- | 
bolic toxemia, such as eclampsia or erythroblastosis) and not a conspicuous 
dietary deficiency. 


—— 


Cirrbosts 


In contrast to the complicated mechanism of massive hepatic necrosis, — 
the dietary factors beneficial in the prevention of cirrhosis may be identified 
by one common denominator; that is a sufficient supply of lipotropic factors, 
in particular of choline and its precursors (methionine, betaine). The benefit 
seen (35, 36) following administration of vitamin Biz may be due to its 
choline-sparing effect. 


The first noticeable change resulting from a deficiency of choline and its 
precursors, such as methionine or methionine-containing protein, is fatty in- - 
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filtration. This is followed by diffuse fibrosis, and may terminate in the well 
- known picture of cirrhosis with all its various pathologic attributes (3, 7, 37). 


The sequence of fatty infiltration and cirrhosis does not necessarily imply 


that there is a direct causal relationship between fat infiltration and diffuse 
fibrosis. A fatty liver may exist for years, for instance in diabetes in man, 


without being followed by cirrhosis. 

The simplest semisynthetic diet which will produce cirrhosis in rats in 100 
to 150 days, should be low in casein, high in fat, and be supplemented with 
the usual water-soluble and fat-soluble vitamins with the exception of choline 
(3). Even larger amounts of protein may be substituted (38) for casein, 
provided the protein such as peanut meal, is poor in methionine. 

In addition to the lipotropic factors, there are also antilipotropic factors, 
such as fat and cystine (3, 32). Among the fats, lard seems to promote the 
development of cirrhosis more readily than vegetable shortenings. Cod liver 
oil is especially injurious. It is natural to seek a direct correlation between this 
noxious effect of lard and cod liver oil and their low content of tocopherol. 
However, the correlation is refuted by the observation that supplements of 
tocopherol, even in very large doses, leave the development of diffuse fibrosis 
unaltered, in rats receiving lard and cod liver oil in their experimental rations. 
No link is visible between the specific cirrhosis-producing effect of fats like 
lard and cod liver oil, and the lipotropic (choline and its precursors) or the 
antilipotropic (cystine) factors. In contradistinction to the effect of unsatu- 
rated fatty acids on cirrhosis, lard (15) and oleic acid (38) are less conducive 
to the production of dietary fatty liver than vegetable shortening (15) or 
saturated fatty acids (38). 

Recent experiments revealed that (39) hog gastric mucin was not only 
effective as a lipotropic agent, but also effective in the prevention of dietary 
hepatic cirrhosis. Hydrolyzed mucin was inactive. 

The lipotropic activity of inositol (40) is demonstrable chiefly in its 
synergism with choline (41). No conclusive data are available illustrating 
whether inositol alone may prevent the development of dietary experimental 
cirrhosis. 

During the last few years, the balance and interrelation of amino acids in 
the diet as a secondary factor in regulating deposition and topographical 
distribution of fat in the liver received increased attention. In general, rats 
kept on an alipotropic diet develop a fatty infiltration of the liver which 
starts in the central, nonportal zone and rapidly extends over the whole 
lobule. As Hartroft (42, 43) has clearly illustrated, neighboring hepatic 
cells with accumulated intracellular fat may coalesce, forming multinucle- 
ated fatty cells of varying size, producing with additional coalescence true 
“fatty cysts.” The content of such abscesses may be discharged after rupture 
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and flow into the bile canaliculi or into the sinusoids (44, 45). “Fatty cysts | 
are the cytometaplastic links between lipo-hepatosis and cirrhosis. . . . As ’ 
the livers become increasingly fatty, fibrosis makes its appearance. . . . For- 
mation and rupture of fatty cysts is, by condensation of their remnants, the 
direct cause of fibrosis. . . . The mere presence of even appreciable amounts — 
of fat in the liver will not necessarily lead to fibrosis. Fibrosis will result only ’ 
if the accumulation of fat is so great that rupture of cells produces cysts | 
which, in turn, disintegrate” (43). 

Addition of choline (or its precursors) should prevent the development 
of fatty liver or reduce the fat content in the liver of rats previously kept on 
an alipotropic diet. Only the fat in large extracellular fatty cysts will be pre- 
served for a prolonged period of time in the liver after administration of 
lipotropic factors, which may barely penetrate these fatty cysts (46). 

Objections against this explanation of the pathogenesis of dietary cirr- 
hosis may be raised: 


1. Choline and its precursors are certainly the most potent dietary factors in regu. 
lating the fat of the liver. Yet to some extent, even in the presence of choline 
and its precursors, increased fat content of the liver may be maintained when 
the protein of the diet is low in threonine or in lysine (47-51). A portal type | 
of fatty liver may develop in rats subsisting on diets in which the protein was 
derfved from cornmeal, rice, or cassava. Choline and vitamin B,, are without | 
effect on this type of fatty liver (52). In contrast, tryptophan or lysine indi- 
vidually or together (but not threonine), partially or completely prevent this 
type of fatty liver (53). Under none of these etiologic conditions, based on 
imbalance of amino acids, has cirrhosis been observed as a sequela of fatty 





liver, unless choline or its precursors were omitted from the diet, probably ° 


(43) because in the presence of choline the accumulation of fat is never very 
great. 


2. In contrast to the viewpoints that dietary cirrhosis is the direct result of fatty 


liver, and cellular necrosis per se plays no part in the development of experi- ° 


mental diffuse fibrosis and cirrhosis, observations are accumulating which 
demonstrate that cellular, and focal degeneration (necrosis) (6, 32, 54-56) 
and intralobular cellular infiltration (57) are common occurrences, at least 
in the early stage of experimental dietary necrosis. These pathologic alterations 
may constitute the first stage in the chain of events leading to cirrhosis, and 
fatty infiltration may be only coincidental. 


3. Admixture of p-dimethylamino-agobenzene to the usual cirrhosis-producing 
diet intensifies the production of cirrhosis but it reduces the initial accompany- 
ing fat infiltration of the liver. This combined toxic and dietary cirrhosis re- 
sponds (58) just as well to the usual lipotropic dietetic factors (choline, 
methionine) as does the uncomplicated diet of cirrhosis. The hepatic changes 


produced by ethionine, the homologue of methionine, resembles closely those } 


changes caused by the carcinogen, and may be prevented by an excess admin- 


istration of methionine (59, 60). Peanut-meal protein substituted for casein in | 
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a cirrhosis-producing diet will cause early widespread intralobular cellular 
infiltration (57), and later produce massive and diffuse hyperplasia of the 
bile ducts (57,61) similar to those seen following an administration of 
p-dimethylamino-agobenzene or ethionine. It is a well established fact that 
primary necrosis of hepatic cells is a prerequisite for the development of 
hepatoma. Therefore, in animals fed a peanutmeal diet for a prolonged period 
of time, the occurrence of hepatoma, combined with cirrhosis, (61, 62) proba- 
bly stems from primary hepatic cell damage. Choline will prevent the whole 
sequence of hepatic changes, from necrosis, fatty infiltration, fibrosis, hyper- 
plasia of biliary ducts to hepatoma (61, 62). 


The gross and microscopic pictures of experimental dietary cirrhosis in 
rats bear a close resemblance to those seen in non-experimental, so-called 


Laennec’s cirrhosis in man. 


The view is generally held that Laennec’s cirrhosis is based mainly on 
portal fibrosis, and the destruction of the normal architecture of the liver 
in this condition must start by fibrous proliferation from the portal space. 
Analysis of the histological picture observed in various stages of progression, 
revealed the interesting finding that in experimental dietary cirrhosis of the 
liver, in rats, the fibrotic changes seem to begin not in the portal spaces but 
have their origin, as first recognized by Ashburn and his associates (63), 
close to the central vein. In later stages, the fibrous bands may be both portal 
and non-portal in distribution. 


Another distinctive feature of experimental dietary cirrhosis is the pres- 
ence of an acid-fast, golden-brown fluorescent pigment, called ‘‘ceroid” 
(64-67). This pigment appears to be closely related, but probably not com- 
pletely analogous, with the pigment seen in the uterus, ovary, and muscles 
in vitamin E deficient animals (68). Its identical counterpart has not yet 
been discovered in human liver, either in ordinary cirrhosis or in hemochro- 
matosis (67). Tocopherol, even when given in excessively large doses (30 mg. 
daily) will not prevent the formation of ceroid; it will reduce only slightly 
the total quantity of ceroid as found in the cirrhotic livers of the experimental 
animals (32). Experimental cirrhosis, without ceroid, may be produced pro- 
vided that cod liver oil and, to a lesser degree, all other sources of unsatu- 
rated fatty acids (in large concentrations), are eliminated from the experi- 
mental diet (32). Therefore, ceroid is neither an essential nor an important 
feature of experimental cirrhosis. Its absence in the cirrhotic liver of man is 
not surprising because neither cod liver oil nor large amounts of unsaturated 
fat are a normal ingredient of man’s diet. On the other hand, the accumula- 
tion of ceroid in the liver of rats fed a cirrhosis producing diet containing 
large amounts of unsaturated fats may explain the more severe cirrhosis in 
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these animals (32). The ceroid may contribute alone by its mass to the dis ] 


tortion of normal architecture and act as foreign body stimulating the pro! 


liferation of fibrous tissue in the liver. 

Workers in the field generally agree that both fatty liver and diffuse | 
fibrosis (cirrhosis) of the liver are closely related not only to the deficient |” 
content of dietary lipotropic factors or,—as far as fatty infiltration of the! | 
liver is concerned—to the proper balance of amino acids in the ration used, 


but also to the total caloric intake. By increasing the caloric intake in relation { 
to a constant amount of lipotropic or other qualitatively active cirrhosis-pre- = 
ventive dietary factors, the development of cirrhosis is greatly facilitated. As 


an impressive illustration of this hypothesis, it has been claimed (69) that 


alcohol increases the choline requirement by augmenting the caloric intake, | 3 
an 


Whether this increase in the choline requirement is due only to the raised 


caloric intake which may be also reproduced by isocaloric equivalents of : 
sucrose (69), or is due to a more or less specific effect of ethanol (70) re 7 
quires further investigation. It should be added, because it may be significant, © 


that in these studies (69, 70) pure ethanol and not one of the usual fermen. |” 


ted alcoholic beverages (whiskey, gin, wine, beer, etc.) was used. 


Antibiotics in the Prevention of Experimental Hepatic Injury 


The internal flora may constitute a possible source of factors injurious to 


the liver. It has been shown (71, 72) that when aureomycin was added toa . 
necrogenic experimental basal diet containing yeast as the sole source of pro- |” 





tein, it had a significantly beneficial effect in delaying the appearance of ex- 


perimental hepatic necrosis in rats. In contrast to vitamin E or the sulfur-con- ¥ 
taining amino acids (cystine or methionine), which as supplements to the ~ 
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basal experimental diet will permanently prevent the production of hepatic ~ 


necrosis, aureomycin was found to delay, as a rule, the appearance of necrosis. 
Its protective action was only temporary. 


If the effect of aureomycin is mediated through the intestinal flora, other _ 


antimicrobial agents, even though not necessarily equal to aureomycin, should © 


also prove to be effective. Polymyxin, chloramphenicol and bacitracin, how- — 


ever, were ineffective in preventing dietary hepatic necrosis. Sulfaguanidine — 
was slightly effective, whereas streptomycin, and especially neomycin and © 


terramycin were increasingly effective in that order. Penicillin when given by 
injection presented no or limited beneficial effect. But when given by mouth, 


especially in its poorly soluble organic basic, salt (benzethacil) it exerted a 


very marked protection, even equal to that of aureomycin (71, 72). 


In rats kept on a cirrhosis-producing diet, aureomycin and terramycin 


exerted a very pronounced lipotropic effect. Furthermore, aureomycin, terra- | 


mycin and penicillin also produced a highly protective effect on dietary cirtho- | ; 
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> sis. In contrast to its ineffectiveness in preventing dietary massive necrosis 


of the liver, chloramphenicol was found beneficial when added to a cirrhosis- 
producing diet containing peanut-meal and a small amount of casein (73). 


The nutritional effect of antimicrobial agents, when added to the necro- 
genic or cirrhosis-producing diet, not only delayed the appearance of hepatic 
necrosis or cirrhosis but in addition manifested itself in the promotion of 
better growth. During the last few years the growth-promoting effect of 
antibiotics has been noted when tested in practical diets in animal husbandry. 
These effects have generally been considered to be mediated through the 


intestinal flora (74). 
The observations noted above might be explained by the effects of the 


'"* antibiotics on the intestinal flora which may either produce toxic metabolites 


or use up protective constituents of the food ingested and, in consequence, 
reduce their supply for the body. The latter mechanism seems more plausible 


‘ for the prevention of cirrhosis than for the prevention of massive hepatic 
' necrosis. The etiology of massive necrosis with its multiple dietary causes and 


with its analogy to human pathology, is perhaps the interaction of exogenous 


| and endogenous toxic factors, which escape detoxication. This is a reasonable 


possibility and one which should be strongly considered. 

Sparing of an essential dietary constituent under the influences of anti- 
biotics has been demonstrated in the case of choline (75). Two-thirds of 
ingested choline is excreted by a normal person in the urine as trimethylamine 
or its oxidized form. Priming with aureomycin or penicillin will reduce to 
very low levels the excretion of trimethylamine after ingestion of choline. 
The intravenous injection of choline will not lead to urinary excretion of 
trimethylamine. These observations seem to indicate that the intestinal flora, 
even in a normal person, may convert large amounts of choline into trimethy- 
lamine. Suppression of the intestinal flora or at least of its choline-metabo- 
lizing constituents by aureomycin or penicillin, will make more choline avail- 
able for the body. By analogy, similar mechanisms may be postulated for 
other lipotropic food constituents, such as methionine, effective in the pre- 
vention of dietary cirrhosis. 

However, such a simple solution for sparing lipotropic substances is not 
borne out by more intensive analysis of all participating factors involved in 
liver pathology. It suffices to call attention to the fact that the sparing of 
dietary choline under the influence of aureomycin and penicillin produces a 
temporary effect, lasting only a few days (76). In spite of continuous medi- 
cation with antibiotics, the original high excretion of trimethylamine re- 
establishes itself as observed before antibiotics were given. In view of the 
fact that cirrhosis-prevention may last for 150—200 days, the short-lived 
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sparing effect, at least as far as demonstrable, is not sufficient to explain the { 


beneficial result which follows prolonged administration of antibiotics. 
Furthermore, no permanent change in the composition of the intestinal 
flora was demonstrable as a result of the action of antibiotics (77) . Tempor- 
ary suppression of sensitive micro-organisms is followed by a return of the 
original flora which is characteristic of the particular diet in question. Resis- 
tant strains of micro-organisms emerge. Consequently, it may be assumed that 
all the metabolic changes, such as prevention of hepatic injury or growth 
promotion must be linked with an altered metabolism of the micro-organ- 


isms comprising the symbiotic intestinal flora. There are indications that | 


such changes may be reflected in the metabolism of the host organism as 
well (78). 


The effect of antibiotics often varies from one group of experiments to | 


another (79) and is also related to the diet used (80). In germ-free animals, 


pair-fed with conventional (non-germ-free) animals, the development of | 


necrosis is delayed as it is in conventional animals under the influence of anti- 
biotics. The germ-free animals obtained no antibiotics (81). All these obser- 
vations seem to agree that antibiotics act chiefly, if not exclusively, through 
the intermediary of the intestinal flora and not directly on the organism. 
More useful information was obtained in experiments set up for the study 
of the development of bacterial resistance under the influence of antibiotics 
(80). Originally (71, 72, 79), the temporary delaying effect of antibiotics 
had been explained by the assumptioin that with the development of resistant 
bacteria the beneficial effect of antibiotics should wear off slowly or more 


= 








rapidly in direct ratio to the development or resistance. If this were the case, | 


the change of antibiotics, for instance from penicillin to aureomycin or vice 
versa, should improve the over-all beneficial results. By the same token, de- 
layed start of the medication with antibiotics should delay the development 


of bacterial resistance and in consequence should prolong the survival time | 


of the rats. 


In one experiment (Table I) forty rats first received only the basal experi- 
mental diet. A second group of twenty rats received aureomycin (5 mg. 
daily), and a third group of 20 rats bicillin (5 mg. daily), as supplements to 


the basal experimental necrogenic diet. At the end of 26 experimental days ; 


10 rats in the control group died from acute massive necrosis. Of the remain- 
ing rats in this group of 40, 11 animals, starting on the same day, received 
bicillin (5 mg. daily). Eleven animals, starting on the same day, received 
aureomycin (5 mg. daily). The remaining 8 rats in this group of 40 were left 
on the unsupplemented basal diet. In contrast, rats receiving from the start 
supplements of aureomycin or bicillin were subdivided into 2 groups each. 


One sub-group originally receiving aureomycin was shifted after 44 days to | 
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 bicillin, the other sub-group was kept on aureomycin. The same scheme was 
applied to the group receiving bicillin, with the difffference that the change 
took place on the 42nd experimental day. The results obtained as summarized 
in Table I illustrate that the effect of antibiotics is not simply antibacterial, 
the and further, that the development of resistance may not play an important 
Sis: / part, if any, in determining the duration of the prevention of massive hepatic 


hat | necrosis. 
































wth TABLE I. 
— The Effect of Continuous, Delayed or Alternating Administration of Antibiotics 
hat | on the Development of Massive Dietary Hepatic Necrosis 
i i Survived 
} 150 days 
Died with Average without 
No. of Hepatic Survival Hepatic 
to | Group Supplement Rats Necrosis Time Necrosis 
als, A -—- 10 10 23+0.8 — 
of _ B — 8 8 34+1.3 — 
tt ; C Nothing for 26 days, then bicillin 11 10 44+7.6 1 
er- 
gh | D Nothing for 26 days, then aureomycin 11 9 50+9.0 2 
E Aureomycin 10 4 54+8.5 6 
dy F Aureomycin for 44 days, then bicillin 10 4 63+5.0 6 
‘S| G Bicillin 10 2 42400 8 
ICS 
nt | H_ Bicillin for 42 days, then aureomycin 10 2 112+2.0 8 
= ‘Average starting weight of animals in all groups 49 gm. 
se, | These conclusions are best supported by the beneficial results of bicillin 
ce and aureomycin which are significantly more impressive when administered 
le during the whole duration of the experiment. This is in contrast with the 
nt —_—-groups of animals (C, D, Table 1) in which the supplemented diet was begun 
ne ~—s_ after the rats were kept for about 4 weeks on the unsupplemented basal 
experimental diet. These observations are in closest accord with the hypothe- 
i- sis that necrosis develops after the experimental animals have become de- 


g. pleted of protective food constituents. Antibiotics appear to prolong this 
tO period of depletion. In groups C and D (Table I) the depletion probably has 


ys ; progressed already too far and the consecutive administration of antibiotics 
r- may not stave off to a considerable extent the early development of massive 
d hepatic necrosis. The experiments with alternating administration of aureo- 
d mycin and bicillin furnished no better results than those with continuous use 


rt of one given antibiotic (groups E and F, or G and H resp.). These results 
not only do not favor the toxic etiology but at the same time leave unex- 
. plained the mode of action of the antibiotics and in particular their role in 
delaying the state of “depletion.” 
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Toxic Factors in the Etiology of Hepatic Injury 


cirrhosis. The hepatotoxic effect of such poisons is often alleviated, as already 
stated, by protein, sulfur-containing amino acids, (82) or by vitamin E. 


Experimental dietary massive necrosis, even after repeated attacks, will never : 


lead to cirrhosis, but only to collapse and scarring (4, 83), as often seen in 
this sequence after viral hepatitis in man. 


Infantile cirrhosis in India and severe hepatic injury in infants in Jamaica | 


are similar to the so-called toxic cirrhosis. In Jamaica, infants after weaning 
are fed a low protein diet; in addition, they are offered, fairly regularly, 
decoctions of native plants in the form of a so-called bush-tea. As recently 
reported (84), the liver changes of the Jamaican type of infantile cirrhosis 
are based originally on vascular obstruction, through edema and proliferation 
of the endothelial layer in the hepatic venules and veins (venous occlusive 
disease, V.O.D.) (84). It has been claimed (85, 86) that similar changes 
may be produced experimentally in rats fed a low protein diet that is supple- 
mented with an extract of one of the Senecio species or with its alkaloid 
which is present in bush-tea. Supplement of protein should have a beneficial 
effect on these changes (86). 


In more recent studies (57), alcoholic extract of Senecio discolor, given 
as supplement to rats fed the usual cirrhosis producing diet, increased the 
hepatic injury. Complications often arose with massive polyserositis and 
extensive hyperplasia of the intralobular bile ducts, but without signs of 





~ meri 


There is no definite proof for the interaction of exogenous or endogenous ; tion, 
toxic factors in the development of experimental dietary necrosis or cirrhosis,; _P°5*! 
Nevertheless, it has long been known that hepatoxic agents, such as chloro. \ 
form, carbon tetrachloride and others, when given in large doses, may pro- | 


duce necrosis of the liver, and after repeated small doses may lead to typical — 
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venous occlusive disease. In rats fed a necrogenic (yeast) diet the develop- ; 


ment of massive hepatic necrosis was greatly accelerated by Senecio extract, 
but again without the characteristic signs of venous occlusive disease. In 
either instance supplements of protein were of no beneficial value (57). 


Even in pure dietary experimental cirrhosis, focal cellular necrosis with 


accompanying inflammatory reaction may be demonstrated. Cholangiolitic 


changes with periportal hyperplasia and proliferation of bile ducts may also 


be seen in experimental dietary cirrhosis, apparently depending on the par- | 


ticular ration used. In human cirrhosis, even in its classical form in alcoholics, | _ 


cellular damage with a reactive cellular infiltration and with other signs of . 


direct parenchymatous injury is the rule (87) and not the exception. Thus, 
the complete separation between two distinct forms of hepatic injury—that 
is necrosis and cirrhosis—is an over-simplification which has and had its 
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| merit in the analysis of experimental hepatic injury. But it has also its limita- 
tion, especially in relation to human pathology. This is in addition to the 


US @ fc 
] is | possible interaction of exogenous toxic factors. 

f0- | In the light of all these observations and with the full support of clinical 
ro. | experience (87-89), fatty infiltration cannot be the primary and in itself 


cal ’ sufficient cause of chronic fibrosis, leading to cirrhosis, either in animals or 


_ in man. 
- In acute liver injury (including coma) antibiotics may reduce the produc- 
_ tion of toxic metabolites by the intestinal flora. Thus, the effect of antibiotics, 
' in addition to being sparing for protective factors, as already discussed, may 
) also result in detoxication. 
The influence of toxic factors, present in the diet consumed, on the liver 


deserves further intensive clinical and experimental analysis. 


vet 


ya 
‘ | Dietetic Treatment of Hepatic Injury in Animals and in Man 
is | In general, preventive and therapeutic measures are by no means necessar- 


n | ily interchangeable. In pathologic hepatic conditions for example, effective 
é | therapeutic prophylaxis should and will prevent the development of the 
s | specific metabolic and anatomical changes. Therapeutic efforts, on the other 
- | hand, have to deal with the arrest or even regression of already existing meta- 
1 | bolic and anatomical changes. For instance, in the case of cirrhosis the pro- 
| | gress of fibrosis has to be checked or even reversed, in addition to repair of 

all other concurrent pathologic distrubances. Furthermore, in cirrhosis not 

only the liver but often other organs as well, such as the kidneys and endo- 
' crine glands, especially the gonads, are found involved in the over-all disease. 


In acute severe hepatic injury, such as in the early stage of infectious hepa- 
titis (90), or in severe hepatic necrosis (‘‘yellow atrophy”), administration 
of protein (or methionine) may be dangerous and might precipitate the 
development of coma. In chronic hepatic injury, especially when combined 
with shunt of the portal blood into the peripheral circulation, nitrogenous 

_ breakdown products (ammonia, and perhaps amines or similar neurotoxic 
compounds) might also stimulate reactions within the central nervous system 
either in form of typical hepatic coma or a more chronic neurological con- 
dition (tremor, ataxia, mental confusion). Lowering of the protein intake, 
even down to 50 gm. per day or less, might bring about complete recovery 
(91, 92). 

. With the exception of the severe acute necrosis and the decompensated 

| chronic phase of cirrhosis (with spontaneous or surgical porto-caval shunt) 
_ protein or lipotropic substances are beneficial. They will not only prevent 
_ further progression of the disease, but may also assist in regression of fibro- 
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sis as demonstrated in rats with experimental dietary cirrhosis (32, 93, 94) 
In very severe cirrhosis dietary treatment often fails, even in the experimental 
disease (32). Treatment has to be extended over a prolonged period of 
time. This is especially true for human cirrhosis, the history of which ma 
be traced back several years. 
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Conference on Nutrition in Infections 


On May 24th and 25th a program on Nutrition in Infections was spon- 
sored by the New York Academy of Sciences, Section on Biology, New York 
City. The important link between diet and disease was the central theme of 
this two day medical conference. Twenty scientists participated in the meet- 
ing and delivered papers on the role of nutrition in infections. 

In a paper on nutritional deficiency as it predisposes to infection and 
the role of vitamin deficiencies, Dr. Rubin Lopez-Toca commented that al- 
though the incidence of nutritional deficiency may actually seem lower than 
ever before in many areas of the world today, we now understand the rela- 
tively high incidence and real significance of subclinical states of undernutti- 
tion. He indicated that while the nutritional state directly influences the 
occurrence of some diseases, the impact of other disease may precipitate 
undernutrition; thus nutrition plays a critical role in an individual's overall 
response to disease. 

Dr. Seymour Halpern of the New York Medical College emphasized the 
role of diet both in treatment and prevention of infectious diseases. Dr. Hal- 
pern underscored the importance of nutrition in maintaining health and 
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asserted that there is “a significant percent of malnutrition among all ew. ff (3 7 
nomic classes.”’ He added that malnutrition, over-nutrition, and unbalanced | 
nutrition all have a damaging effect on the body. 
Dr. Aaron Prigot presented evidence to indicate that combined antibiotic. |) 
vitamin therapy in the treatment of acute infections represents a great ad. f 
vance on the care of the aged, young, or debilitated patient. Dr. Prigot ] 
warned, however, that although antibiotics shorten the duration of the acute | 
phase of infection, the post-acute or reparative process is dependent upon f 
the nutrition of the patient, not on the antibiotics. | 
Dr. Laurence Kinsell Highland, Alameda County Hospital, reported ina} ” 
paper on the nutritional and metabolic aspects of nutrition that ‘The ser \) 
iously malnourished individual may be unable to produce either an adequate | 
inflammatory reaction or adequate amounts of antibodies.” In the same vein, / 
Dr. A. Axelrod, University of Pittsburgh, explained that vitamin deficiencies | 
lower resistance to disease by impairing the efficient production of antibodies, | 
which are so important to aid the natural defense against an infectious in- 
vasion. 
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